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There has been a significant advancement in terahertz radiation sources in the past decade, 
making milliwatt terahertz power levels accessible in both continuous-wave and pulsed operation 
[1-4]. Such high-power terahertz radiation sources circumvent the need for cryogenic-cooled 
terahertz detectors such as semiconductor bolometers and necessitate the need for new types of 
calibrated, room-temperature terahertz detectors. Among various types of room-temperature 
terahertz detectors, pyroelectric detectors are one of the most widely used detectors, which can 
offer wide dynamic range, broad detection bandwidth, and high sensitivity levels [5]. In this 
article, we describe the calibration process of a commercially available pyroelectric detector 
(Spectrum Detector, Inc, SPI-A-65 THz), which incorporates a 5 mm diameter LiTaO3 detector 
with an organic terahertz absorber coating to offer a noise equivalent power of 1 𝑛𝑊/√𝐻𝑧. 
  
In order to calibrate the pyroelectric detector, the output power of a plasmonic photomixer 
mounted on a silicon lens [3] is measured as a function of frequency using both the pyroelectric 
detector and a calibrated silicon bolometer from Infrared Laboratories. For these measurements, 
the terahertz power levels are set to be within the dynamic range of both detectors over the whole 
measurement frequency range. Additionally, the measured output power by the pyroelectric 
detector is determined by using the pyroelectric detector responsivity value at 94 GHz, 
𝑅𝑝−𝑣𝑒𝑛𝑑𝑜𝑟, that has been provided by the vendor. A tapered copper tube is used to guide the 
radiated power from the photomixer to the pyroelectric detector. Diameter of the tapered copper 
tube on the detector side is set to match the diameter of the input aperture of the pyroelectric 
detector (Fig. 1). 
 
 
Fig 1. Experimental setup for calibrating the pyroelectric detector responsivity as a function of frequency. 
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Fig 2. Measured terahertz power by the pyroelectric detector and bolometer. 
 
 
Figure 2 shows the terahertz power of the photomixer measured by the pyroelectric 
detector, 𝑃𝑝𝑦𝑟𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐(𝑓), and silicon bolometer, 𝑃𝑏𝑜𝑙𝑜𝑚𝑒𝑡𝑒𝑟(𝑓). As expected, the measured 
power levels by both detectors match at 94 GHz, confirming the accuracy of the pyroelectric 
detector responsivity data at 94 GHz. Deviations between the measured power levels by the 
bolometer and pyroelectric detector, which are in the form of Fabry-Perot transmission 
resonances, are mainly due to the utilized organic coating on the surface of the pyroelectric 
detector. These deviations are used to calculate the responsivity correction factor of the 
pyroelectric detector at other frequencies. The calibrated responsivity of the pyroelectric detector 
as a function of frequency is calculated as 
 
𝑅𝑝(𝑓) = 𝑅𝑝−𝑣𝑒𝑛𝑑𝑜𝑟
𝑃𝑝𝑦𝑟𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐(𝑓)
𝑃𝑏𝑜𝑙𝑜𝑚𝑒𝑡𝑒𝑟(𝑓)
                                                                                                 (1) 
 
The calibrated responsivity of the pyroelectric detector is used to calculate the actual radiation 
power of various terahertz sources in narrowband/continuous-wave and broadband/pulsed 
operation [3, 4, 6].  For the specific case of broadband terahertz radiation sources, the calibrated 
responsivity spectrum is used in combination with the radiation spectrum of the source to 
measure the actual radiated power. Radiation spectrum of terahertz sources can be measured by 
various techniques such as time-domain spectroscopy [7, 8] and frequency-domain 
interferometry [9]. For a broadband terahertz radiation source with a normalized radiation 
spectrum of 𝑆𝑠𝑜𝑢𝑟𝑐𝑒(𝑓), the voltage reading on the pyroelectric detector and the calculated 
radiated power according to the vendor-provided responsivity value at 94 GHz are given by  
 
𝑉𝑝𝑦𝑟𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 = ∫ 𝐴0. 𝑆𝑠𝑜𝑢𝑟𝑐𝑒(𝑓)𝑅𝑝(𝑓)𝑑𝑓
∞
0
= 𝑅𝑝−𝑣𝑒𝑛𝑑𝑜𝑟 ∫ 𝐴0. 𝑆𝑠𝑜𝑢𝑟𝑐𝑒(𝑓)
𝑃𝑝𝑦𝑟𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐(𝑓)
𝑃𝑏𝑜𝑙𝑜𝑚𝑒𝑡𝑒𝑟(𝑓)
𝑑𝑓
∞
0
    (2) 
 
𝑃𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 =
𝑉𝑝𝑦𝑟𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐
𝑅𝑝−𝑣𝑒𝑛𝑑𝑜𝑟
= ∫ 𝐴0. 𝑆𝑠𝑜𝑢𝑟𝑐𝑒(𝑓)
𝑃𝑝𝑦𝑟𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐(𝑓)
𝑃𝑏𝑜𝑙𝑜𝑚𝑒𝑡𝑒𝑟(𝑓)
𝑑𝑓
∞
0
                                                  (3) 
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where A0 is the amplitude of the radiated terahertz power spectrum. Therefore, the actual 
measured terahertz power by the pyroelectric detector can be calculated by using the calibrated 
responsivity spectrum: 
 
𝑃𝑎𝑐𝑡𝑢𝑎𝑙 = ∫ 𝐴0. 𝑆𝑠𝑜𝑢𝑟𝑐𝑒(𝑓)𝑑𝑓
∞
0
= 𝑃𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑
∫ 𝑆𝑠𝑜𝑢𝑟𝑐𝑒(𝑓)𝑑𝑓
∞
0
∫ 𝑆𝑠𝑜𝑢𝑟𝑐𝑒(𝑓)
𝑃𝑝𝑦𝑟𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐(𝑓)
𝑃𝑏𝑜𝑙𝑜𝑚𝑒𝑡𝑒𝑟(𝑓)
𝑑𝑓
∞
0
                                   (4) 
 
It should be noted that the use of the tapered copper tube for guiding the radiated terahertz beam 
into the input aperture of the pyroelectric detector does not impact the accuracy of the presented 
calibration technique as far as the same copper tube is used as a part of the pyroelectric detector 
package for terahertz power measurements. As such, a similar approach can be used for 
calibrating other types of terahertz detectors and the calibration data can be used for various 
terahertz power measurements in narrowband/continuous-wave and broadband/pulsed operation 
[3, 4, 6].      
  
A point of caution when using thermal detectors (e.g. pyroelectric detector and bolometer) for 
terahertz power measurements is to make sure that all the detected power is the contribution of 
terahertz radiation, not the induced heat in the experimental setup. This can be very important 
when measuring the radiation power of photoconductive terahertz sources and photomixers at 
high optical pump power and bias voltage levels. In order to quantify the potential contribution 
of thermal power to the measured terahertz power levels by a thermal detector, power 
measurements should be repeated under a single-frequency continuous-wave optical pump beam 
at the same bias voltage, pump wavelength and pump power levels that the terahertz power 
measurements are taken. Comparisons between the measured power levels under a single-
frequency continuous-wave optical pump beam and the measured terahertz power levels under a 
heterodyning continuous-wave or femtosecond pulsed optical pump beam will determine the 
potential contribution of thermal power to the measured terahertz power levels. 
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